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We choose such boundary conditions for open IIB superstring theory which preserve N = 1
SUSY. The explicite solution of the boundary conditions yields effective theory which is symmetric
under world-sheet parity transformation Ω : σ → −σ. We recognize effective theory as closed type I
superstring theory. Its background fields,beside known Ω even fields of the initial IIB theory, contain
improvements quadratic in Ω odd ones.
PACS numbers: 11.25.-w, 04.65.+e, 04.20.Fy
I. INTRODUCTION
There are five consistent supersymmetric string theo-
ries: type I, type IIA and IIB and two heterotic string
theories. They are related by web of dualities and in
fact provide different descriptions of the same theory [1].
In this article we are going to improve known relation
between type I and type IIB theories.
It is known that type I superstring theory can be ob-
tained from type IIB superstring theory as a projec-
tion on the states that are even under world-sheet parity
transformation Ω : σ → −σ. After this orientifold pro-
jection the following background fields survive: gravi-
ton Gµν and dilaton Φ from NS-NS sector, the sum of
two same chirality gravitions ψα+µ = ψ
α
µ + ψ¯
α
µ and di-
latinos λα+ = λ
α + λ¯α from NS-R sector and two rank
antisymmetric tenzor Cµν from R-R sector. The states
that are odd under Ω transformations: antisymmetric
tensor Bµν from NS-NS sector, difference of two graviti-
nos ψα−µ = ψ
α
µ − ψ¯
α
µ and dilatinos λ
α
− = λ
α − λ¯α from
NS-R sector, and scalar C0 and four rank antisymmet-
ric tensor Cµνρσ with self dual field strength from R-R
sector, are eliminated by above projection.
We are going to investigate Green-Schwarz formulation
of type IIB superstring adopted by Refs.[2]. In particular,
we use the form of Ref.[3] which corresponds to constant
gravitonGµν , antisymmetric field Bµν , two gravitinos ψ
α
µ
and ψ¯αµ , and R-R field strength F
αβ. In this approach
dilaton Φ and two dilatinos λα and λ¯α are set to zero.
Let us express connection between two descriptions
of R-R sector [1]. It is known that bispinor Fαβ =
iSα(Γ0S˜)β , made from same chirality spinors Sα and
S˜α, can be expanded into complete set of antisymmetric
gamma matrices
Fαβ =
D∑
k=0
ik
k!
F(k)Γ
αβ
(k) ,
[
Γαβ(k) = (Γ
[µ1...µk])αβ
]
(1)
where in short-hand notation F(k) is k-rank antisymmet-
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ric tensor. As a consequence of chirality conditions on
bispinor Fαβ and duality relations, the independent ten-
sors are F(1), F(3) and self-dual part of F(5). Using phys-
ical state condition these tensors can be solved in terms
of potentials F(k) = dC(k−1), so that IIB theory contains
just the potentials C(0), C(2) and C(4). Note that sym-
metric part of Fαβ , Fαβs =
1
2 (F
αβ + F βα), corresponds
to the potentials C0 and Cµνρσ , and antisymmetric part,
Fαβa =
1
2 (F
αβ − F βα), corresponds to the potential Cµν .
We start with type IIB open superstring theory de-
scribed by bosonic coordinates xµ, and same chirality
fermionic ones θα and θ¯α. According to Refs.[4]-[5] we
apply the canonical method, treating boundary condi-
tions as the canonical constraints. We choose Neu-
mann boundary conditions for bosonic coordinates xµ
and (θα− θ¯α)|π0 = 0 for fermionic coordinates in order to
preserve N = 1 SUSY from initial N = 2 SUSY in type
IIB theory. We are able to solve all boundary conditions
and obtain effective theory. It occurs that this effective
theory, even under world-sheet parity transformation Ω,
is just type I closed superstring theory defined on orien-
tifold projection. The main result of the article contains
generalized expressions of type I superstring background
fields in terms of type IIB ones
Gµν → G
eff
µν = Gµν − 4BµρG
ρσBσν , Bµν → 0 ,
1
2
ψα+µ → (Ψeff )
α
µ =
1
2
ψα+µ +BµρG
ρνψα−ν , ψ
α
−µ → 0 ,
Fµνρ → F
eff
µνρ = Fµνρ −
1
D
Gεηψ−εΓ[µνρ]ψ−η ,
Fµ → 0 , Fµνρσε → 0 . (2)
Therefore, fields Bµν and ψ
α
−µ, which describe states odd
under world-sheet parity transformations, are not com-
plitely eliminated, but they survive as quadratic terms in
type I superstring background.
We will refer to the fields Gµν , Bµν , ψ
α
µ , ψ¯
α
µ and F
αβ
( or F(1), F(3) and F(5)) as type IIB background fields
and to fields Geffµν , (Ψeff )
α
µ and F
αβ
eff (or F
eff
(3) ) as type
I background fields (the background fields seen by type
IIB and type I superstring respectively). The names are
taken from initial and final (effective) descriptions of the
same theory.
2II. CANONICAL APPROACH TO
GREEN-SCHWARZ FORMULATION OF IIB
THEORY
We will investigate the type IIB superstring theory us-
ing Green-Scwarz formulation of Ref.[3]. The action is
S = κ
∫
Σ
d2ξ
[
1
2
ηabGµν + ε
abBµν
]
∂ax
µ∂bx
ν
−
∫
Σ
d2ξpiα(∂τ − ∂σ)(θ
α + ψαµx
µ)
+
∫
Σ
d2ξ
[
(∂τ + ∂σ)(θ¯
α + ψ¯αµx
µ)p¯iα +
1
2κ
piαF
αβ p¯iβ
]
(3)
where the world sheet Σ is parameterized by ξa = (ξ0 =
τ , ξ1 = σ), and D = 10 dimensional space-time is param-
eterized by coordinates xµ (µ = 0, 1, 2, . . . , D − 1). The
fermionic part of superspace is spanned by same chirality
fermionic coordinates θα and θ¯α, while the variables piα
and p¯iα are their canonically conjugated momenta.
A. Canonical Hamiltonian and boundary
conditions as canonical constraints
According to the definition of canonical Hamiltonian,
Hc = x˙
µpiµ + θ˙
αpiα +
˙¯θαp¯iα − L, we have
Hc =
∫
dσHc , Hc = T− − T+ , T± = t± − τ± , (4)
where
t± = ∓
1
4κ
GµνI±µI±ν ,
I±µ = piµ + 2κΠ±µνx
′ν + piαψ
α
µ − ψ¯
α
µ p¯iα ,
τ+ = (θ
′α + ψαµx
′µ)piα −
1
4κ
piαF
αβ p¯iβ ,
τ− = (θ¯
′α + ψ¯αµx
′µ)p¯iα +
1
4κ
piαF
αβ p¯iβ , (5)
and piµ denotes momentum canonically conjugated to the
coordinate xµ. Using the standard Poisson bracket alge-
bra we find that components T± satisfy Virasoro algebra.
Following method of Ref.[5], using canonical approach,
we will derive boundary conditions directly in terms of
canonical variables. Varying Hamiltonian Hc we obtain
δHc = δH
(R)
c − [γ
(0)
µ δx
µ + piαδθ
α + δθ¯αp¯iα]
∣∣π
0
, (6)
where δH
(R)
c is regular term without τ and σ derivatives
of coordinate variations, δxµ, δθα, δθ¯α, and variations
of their canonically conjugated momenta, δpiµ, δpiα and
δp¯iα, while
γ(0)µ = Π+µ
νI−ν +Π−µ
νI+ν + piαψ
α
µ + ψ¯
α
µ p¯iα . (7)
As a time translation generator canonical Hamiltonian
must have well defined derivatives in its variables. Con-
sequently, boundary term has to vanish and we obtain[
γ(0)µ δx
µ + piαδθ
α + δθ¯αp¯iα
] ∣∣∣π
0
= 0 . (8)
For bosonic coordinates xµ we choose Neumann
boundary conditions implying
γ(0)µ
∣∣π
0
= 0 . (9)
In order to preserve N = 1 SUSY of the initial N = 2
SUSY, following [3], for fermionic coordinates we chose
(θα − θ¯α)
∣∣∣π
0
= 0 , (piα − p¯iα)
∣∣π
0
= 0 , (10)
where the first condition produces the second one. Ac-
cording to Refs.[4, 5], we will treat the expressions (9)-
(10) as canonical constraints.
B. Dirac consistency procedure
As well as in Refs.[4]-[6], Dirac canonical consistency
procedure for constraints (9) gives an infinite set of
constraints which can be rewritten in the compact σ-
dependent form
Γµ(σ) = Π+µ
νI−ν(σ) + Π−µ
νI+ν(−σ)
+ piα(−σ)ψ
α
µ + ψ¯
α
µ p¯iα(σ) . (11)
Applying the same procedure for fermionic boundary
conditions (10), we obtain respectively
Γα(σ) = Θα(σ)− Θ¯α(σ) , Γπα(σ) = piα(−σ)− p¯iα(σ)(12)
where
Θα(σ) = θα(−σ)− ψαµ q˜
µ(σ) −
1
2κ
Fαβ
∫ σ
0
dσ1Psp¯iβ
+
1
2κ
Gµνψαµ
∫ σ
0
dσ1Ps(I+ν + I−ν) , (13)
Θ¯α(σ) = θ¯α(σ) + ψ¯αµ q˜
µ(σ) +
1
2κ
F βα
∫ σ
0
dσ1Pspiβ
+
1
2κ
Gµνψ¯αµ
∫ σ
0
dσ1Ps(I+ν + I−ν) . (14)
We introduced new variables, symmetric and antisym-
metric under world-sheet parity transformation Ω : σ →
−σ. For bosonic variables we use standard notation [4]-
[5]
qµ(σ) = Psx
µ(σ) , q˜µ(σ) = Pax
µ(σ) ,
pµ(σ) = Pspiµ(σ) , p˜µ(σ) = Papiµ(σ) , (15)
while for fermionic ones we use the projectors on σ sym-
metric and antisymmetric parts
Ps =
1
2
(1 + Ω) , Pa =
1
2
(1− Ω) . (16)
From {Hc ,ΓA} = Γ
′
A ≈ 0 ,ΓA = (Γµ ,Γ
α ,Γπα) , it fol-
lows that there are no more constraints in the theory.
3Also, there exists the set of constraints at σ = pi,
Γ¯µ(σ), Γ¯
α(σ) and Γ¯απ(σ). They differ from conditions
(11) and (12) only in terms depending on −σ and can
be obtained just replacing −σ with 2pi − σ. Constraints
at σ = pi can be solved by 2pi periodicity of all canonical
variables as well as in Refs.[4, 5]. So, the effective theory
will be closed string theory.
C. Classification of constraints
Computing the algebra of the constraints ⋆ΓA =
(Γµ ,Γ
′α ,Γπα)
{⋆ΓA ,
⋆ΓB} =MABδ
′ , (17)
we obtain the supermatrix
MAB =

 −κG
eff
µν 2(Ψeff )
γ
µ 0
−2(Ψeff)
α
ν −
1
κ
F
αγ
eff −2δ
α
δ
0 −2δβ
γ 0

 , (18)
with the effective background fields
Geffµν = Gµν − 4BµρG
ρλBλν ,
(Ψeff )
α
µ =
1
2
ψα+µ +BµρG
ρνψα−ν ,
F
αβ
eff = F
αβ
a − ψ
α
−µG
µνψ
β
−ν , (19)
where the fields ψα±µ are defined as ψ
α
±µ = ψ
α
µ ± ψ¯
α
µ . The
superdeterminant s detMAB is proportional to detG
eff
µν ,
which is assumed to be different from zero. Consequently,
all constraints are of the second class and we can solve
them explicitely.
III. TYPE I SUPERSTRING AS EFFECTIVE
THEORY
The solution of the constraint equations Γµ = 0, Γ
α =
0 and Γπα = 0 has the form
xµ(σ) = qµ − 2Θµν
∫ σ
0
dσ1pν +
Θµα
2
∫ σ
0
dσ1(pα + p¯α) ,
θα(σ) = ηα −Θµα
∫ σ
0
dσ1pµ −
Θαβ
4
∫ σ
0
dσ1(pβ + p¯β) ,
θ¯α(σ) = η¯α −Θµα
∫ σ
0
dσ1pµ −
Θαβ
4
∫ σ
0
dσ1(pβ + p¯β) ,
piµ = pµ , piα =
pα
2
, p¯iα =
p¯α
2
, (20)
where
ηα ≡
1
2
(θα +Ωθ¯α) , η¯α ≡
1
2
(Ωθα + θ¯α) ,
pα ≡ piα +Ωp¯iα , p¯α ≡ Ωpiα + p¯iα , (21)
and
Θµν = −
1
κ
(G−1effBG
−1)µν ,
Θµα = 2Θµν(Ψeff )
α
ν −
1
2κ
Gµνψα−ν ,
Θαβ =
1
2κ
Fαβs + 4(Ψeff )
α
µΘ
µν(Ψeff )
β
ν
−
1
κ
ψα−µ(G
−1BG−1)µνψβ−ν
+
Gµν
κ
[
ψα−µ(Ψeff )
β
ν + ψ
β
−µ(Ψeff )
α
ν
]
. (22)
Substituting the solutions of the constraints (20) into
the expression for canonical Hamiltonian (4) we obtain
effective one. It easily produces the effective Lagrangian,
which on the equations of motion for momentum pµ,
turns into
Leff =
κ
2
Geffµν η
ab∂aq
µ∂bq
ν +
− piα(∂τ − ∂σ)
[
ηα + (Ψeff )
α
µq
µ
]
+ (∂τ + ∂σ)
[
η¯α + (Ψeff )
α
µq
µ
]
p¯iα +
1
2κ
piαF
αβ
eff p¯iβ .
We are going to find under what conditions the initial La-
grangian (3) produces the effective one. We can achieve
that if we replace initial variables xµ, θα and θ¯α with
corresponding effective ones qµ, ηα and η¯α,
(
momenta
independent parts of their solution (20)
)
and make sub-
stitution
Gµν → G
eff
µν , ψ
α
+µ → 2(Ψeff )
α
µ , F
αβ
a → F
αβ
eff ,
Bµν → 0 , ψ
α
−µ → 0 , F
αβ
s → 0 , (23)
where Geffµν , (Ψeff )
α
µ and F
αβ
eff are defined in (19). Note
that Fαβeff is antisymmetric by definition.
Consequently, in effective theory only Ω symmetric
parts survive: graviton Gµν in the NS-NS sector, grav-
itino ψα+µ in NS-R sector and antisymmetric part of R-R
field strength, Fαβa . In our approach the effective theory
has been obtained from initial IIB one on the solution of
boundary conditions. As its Ω symmetric part, it cor-
responds to the type I superstring theory, but with im-
proved background fields. As a consequence of boundary
conditions at σ = pi, this is a closed string theory.
IV. CONCLUDING REMARKS
In this paper we considered Green-Schwarz formula-
tion of the type IIB superstring introduced in Ref.[3].
Using canonical method, following [5], we derived bound-
ary conditions from the requirement that Hamiltonian,
as time translation generator, has well defined functional
derivatives in supercoordinates and canonically conju-
gated supermomenta. For bosonic coordinates xµ we
4chose Neumann boundary conditions, while for same chi-
rality fermionic coordinates θα and θ¯α, in accordance
with [3], we chose that (θα − θ¯α)|π0 = 0 . As a conse-
quence, the corresponding fermionic canonical momenta
are equal at the boundary, (piα − p¯iα)|
π
0 = 0.
All boundary conditions at string endpoints we treated
as canonical constraints. After Dirac consistency proce-
dure, the infinite sets of the constraints at the endpoints
can be rewritten in σ-dependent form. The constraints
at σ = pi and σ = 0 are equal if we require 2pi periodicity
of all canonical variables. So, the theory obtained on the
solution of boundary conditions is closed string theory.
Solving the constraints at σ = 0 we obtained the ex-
pressions for supercoordinates xµ, θα and θ¯α in terms of
effective ones qµ, ηα and η¯α and their canonically con-
jugated momenta. The theory obtained from initial IIB
superstring theory on the solution of constraints we will
call effective theory. Effective Lagrangian is symmetric
under orientfold projection Ω and consequently, it corre-
sponds to the type I closed superstring theory. It propa-
gates in effective background obtained from the type IIB
one by substitution (23) and (19), or in terms of tensors
instead of R-R field strength by substitution (2). The
first terms in effective backgrounds are just standard Ω
projections (unoriented part of IIB superstring theory)
and second parts are our improvement.
Consequently, the type I superstring can not recognize
explicitely oriented parts of IIB theory: NS-NS antisym-
metric field Bµν , difference between two gravitinos ψ
α
−µ
and R-R fields: scalar C0 and four rank antisymmetric
tensor Cµνρσ , but it can see Bµν and ψ
α
−µ implicitely
through effective backgrounds Geffµν , (Ψeff )
α
µ and F
eff
µνρ .
We can formulate our result in other way that we can
express the closed type I superstring theory in the form
of open type IIB superstring theory, with appropriate
choice of boundary conditions (9)-(10) and appropriate
relation between background fields (19). Note that type
IIB background fields are not uniquely defined by type
I ones. For fixed type I theory, there is a class of cor-
responding IIB theories defined by different background
Gµν , Bµν , ψ
α
−µ and F
αβ
a which produce the same G
eff
µν ,
(Ψeff )
α
µ and F
αβ
eff .
Let us shortly discuss noncommutative properties of
the open type IIB superstring. On the solutions of
the boundary conditions (20) original string variables
depend both on effective coordinates and effective mo-
menta. This is a source of noncommutativity relations
{xµ(σ) , xν (σ¯)} = 2Θµνθ(σ + σ¯) ,
{xµ(σ) , θα(σ¯)} = −Θµαθ(σ + σ¯) ,
{θα(σ) , θ¯β(σ¯)} =
1
2
Θαβθ(σ + σ¯) , (24)
where θ(σ+ σ¯) is the step function. In the case when the
same chirality gravitinos ψαµ and ψ¯
α
µ are equal, it follows
that ψα−µ = 0 and (Ψeff )
α
µ = ψ
α
µ , so that we reproduct
the results of Ref.[3]. More details about noncommuta-
tivity of type IIB superstring we will publish elsewhere.
Therefore, the background fields odd under Ω transfor-
mation have two roles. They are source of noncommuta-
tivity of supercoordinates and two of them, Bµν and ψ
α
−µ,
contribute to type I superstring background as bilinear
combinations.
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